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Abstract 
The synthesis of nickel (Ni) nanostructures through chemical reduction method using hydrazine (N2H4.6H2O) as the reducing 
agent and ethylene glycol (EG) as the surfactant is reported. The synthesis was conducted in 1 hour of heating at temperature of 
60ÛC. Sodium hydroxide (NaOH) was used to control the pH of solutions. Scanning Electron Microscopy (SEM) and Tranmission 
Electron Microscopy (TEM) revealed that by varying [OH-]/[Ni2+] molar ratio, various formation of Ni nanostructures with size 
between 20 to 800 nm were obtained. Changing the pH from 6 to 12 resulted in formation of Ni wool-like nanostructure 
composed from chain-like nanostructure particles. Presence of crystallized particles in FCC phase was confirmed with phase 
analysis using X-ray diffraction (XRD). It showed formation of pure Ni metal nanoparticles without any impurity only occur 
when [OH-]/[Ni2+] molar ratio was tailored to higher than four (4). Magnetization value of Ni wool-like nanostructures measured 
by vibrating sample magnetometer (VSM) was 36.1 emu/g, relatively higher compared to bulk and spherical Ni nanoparticles. 
© 2013 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
Fascinating shapes and morphologies of nanoscale materials such as nanoparticles, nanorod, nanochain, 
nanocubes are among the most emerging classes of engineering materials due to its promising application in 
numerous technological and highly demanding fields such as sensing, biomedical, automotive, electronics, etc. [1-3]. 
Shape and size have been identified to have close relationship with chemical and physical properties of nanoscale 
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materials. In some cases new properties were realized. The ability to produce nanoscale materials in various shapes 
and morphologies is becoming the key for further development of nanotechnology. 
Pure bulk Ni is a lustrous white, hard and one of the four ferromagnetic elements at room temperature in 
transition metal group VIII of the Periodic Table. It has high ductility, good thermal conductivity, high strength and 
fair electrical conductivity. Ni nanoscale materials have received enormous attention due to their unique property in 
magnetic, thermal, electrical and chemical. It has been proven to have tremendous capability as catalyst, 
supercapacitor, additives in oil, magnetic carriers for biomedical and others [1,4-6]. Recently, synthesis of Ni in 
unique morphologies has becoming an interesting research because of the potential improvement of properties such 
as in chemical, electrical and magnetic.  In some cases the new shape and morphologies create new properties which 
were differing when they are in spherical shape. Ni has been synthesized in various morphologies for instant, 
nanocubes, nanowires, flower-like, sea urchin-like and bowl-like. [7-11].  
In the synthesis of nanoscale materials, bottom-up approach is the most commonly used method. Bottom-up 
approach is a piecing together of system to a bigger system which usually involve chemical reaction such as wet 
chemical synthesis. Chemical reaction method has been extensively used as the synthetic method of producing 
nanomaterials with an advantage of more controllable of as-synthesized products. Utilizing this method, the 
preparation of nanoparticles can be achieved through various methods. Typical preparation chemical reaction 
method for Ni nanoscale materials includes polyol, microemulsion, microwave assisted and sol-gel [12-15]. 
Chemical reaction method requires consideration of several synthetic parameters for instant temperature, reaction 
time, reactants concentration etc. Wu et al. (2003) reported that Ni nanoparticles can only be obtained with 
appropriate amount of NaOH [16]. 
Ni nanostructure is structures that consist of Ni nanoparticles usually spherical in shape that self-assemble to 
form new structures. This unique phenomenon of self-assemblies, act differently depending on method of 
preparations. Under certain environment Ni nanoparticles tend to form secondary particles which are the results of 
van der Waals attractive forces and magnetic dipole interactions as well as thermodynamic driving force [17,18]. 
Different morphologies of nanoscale materials are normally associate with growth orientation direction. Chen et al. 
(2012) discovered that flower-like Ni structure was actually composed of sword-like petal particles that grows along 
(011) direction [19]. Composition, particles size, morphology, crystallinity, and structure have a significant 
influence on magnetic properties of a material [20,21]. Magnetic in nano regime also may change tremendously 
compare to their bulk element. At this regime, most of magnetic materials will become a single magnetic domain 
and therefore maintain one large magnetic moment [3]. 
This work reports the effect of the pH to the shape and morphologies of as-synthesized particles by tailoring [OH-
]/[Ni2+] molar ratios using chemical reduction method. Investigation on the effect of the shape and morphology on 
its magnetic properties will also be reported. 
2. Materials and Methods 
All reagents are of analytical grade and used without further purification. Nickel chloride hydrate (NiCl2.6H2O), 
80wt% hydrazine hydrate (N2H4.H2O) and sodium hydroxide (NaOH) was obtained from Merck. Ethylene glycol 
(EG) that was used as a surfactant was from Systerm. All the reactants were diluted and dissolved directly in EG to 
make up a certain concentration. In typical experiment, 60 mL of 15 mM NiCl2.6H20, 30 mL of 0.15 M N2H4 and 
appropriate amount of 1 M NaOH in the range of  [OH-]/[Ni2+] molar ratios from 0 to 20, were mixed in a three-
neck flask equipped with stirring bar, a thermometer, a dropping funnel and a condenser. The temperature was 
maintained at 60°C for 1 hour using oil-bath, followed by cooling to room temperature. Initially green colour 
solution turned to black, indicating the formation of Ni metal. The samples were washed for several times with 
absolute ethanol and acetone to remove the impurities. The particles size and morphology were examined using 
scanning electron microscope (SEM, Zeiss Supra 55VP) employing magnification from 1000 – 60000x. Samples 
were prepared by dropping few drops of samples on a copper plate and let dry for several minutes in air at room 
temperature. Transmission electron microscopy (TEM, CM 12 Philips) operating at 120kv using magnification 
ranging from 3k – 100kx was also used to study the size and morphology. Samples were first dispersed using a 
ultrasonic bath for 10 min and a drop of the sample was placed on a carbon coated copper grid and let dry for 
several minutes in air at room temperature. Crystallographic structure and crystallite size of precipitated Ni 
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nanoparticles were identified using X-ray powder diffraction (XRD, Bruker D8 Advance) with Cu-KĮ (Ȝ = 
0.154021 nm) radiation source in the angle range of 2ș = 20Û - 80Û.  
3. Results and Discussion 
The effect of OH-/Ni2+ molar ratio on as-synthesized nanoparticles were investigated to study the effect on the 
reduction of Ni2+ ions, particles size distribution and morphology. SEM results of as-synthesized nanoparticles at 
ratios of 4(P4), 8(P8), 10(P10) and 20(P20) are shown in Fig. 1(a-d). As inferred from the SEM micrographs, Ni 
nanoparticles were found to be stacked together into micron size possessing ball wool-like in samples P8, P10 and 
P20, but not for sample P4. The micrograph Fig. 1(a) shows that particles agglutinate each other to form somewhat 
fibrous structure. Micron size ball wool-like particles with average size of 400 to 800 nm can be clearly observed 
when ratio was above 10. Interestingly, a closer examination of the individual ball wool-like particles performed at 
higher magnification (see Fig. 2) revealed very unique morphological features of the particles. It appears that the 
particles were actually self-assembly of smaller particles of Ni nanochain. It is believed that it could be due to 
magnetic behaviour of primary spherical nanoparticles as shown in the smaller white circle in Fig. 2. 
 
Fig. 1. SEM micrographs of samples (a) P4 , (b) P8, (c) P10 and (d) P20. 
 
It is also noteworthy that TEM characterization proven that self assembly of ball wool-like structures was not just 
a simple aggregation of primary Ni nanoparticles which can be break by sonication. TEM micrographs in Fig. 3 of 
sample P10 revealed the presence of submicron particles with size ranges 200 for sample P10 which is good 
agreements with the data of precipitate particles in SEM micrograph (Fig. 1(c)). All of the micrographs were 
recorded after 20 min sonication of the as-synthesized colloidal. 
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                                   Fig. 2.  High magnification of sample P10.                                    Fig. 3. TEM micrograph of sample P10. 
 
The corresponding XRD spectrum of the precipitates at different molar ratio of 0(P0), 4(P4), 8(P8), 10(P10), and 
20(P20) is shown in Fig. 4(a - e) respectively. The three characteristic peaks that were observed for the products at 
2ș = 44.5Û, 51.8Û, 76.4Û correspond to the lattice planes of (111), (200) and (222) planes of face-centered cubic 
(FCC) Ni (JCPDS card NO. 04-0850). Fig. 4(a) shows XRD spectrum for sample P0. Two (2) peaks of Ni(OH)2 and 
two (2) unknown peaks which is most probably were Ni-hydrazine complexes were observed in this spectrum [22].  
It is quite interesting to see that Ni(OH)2 can be formed even in the absent of NaOH. This formation might be due to 
small amount of water that present from the initial reactants solutions of N2H4.H20 and NiCl2.6H2O. XRD analysis 
for sample P2 was not performed due to difficulties to dry up the as-synthesized green solution. 
 
Fig. 4. XRD patterns of (a) P0 (OH-/Ni2+ = 0), (b) P4 (OH-/Ni2+ = 4), (c) P8 (OH-/Ni2+  = 8), (d) P10 (OH-/Ni2+ = 10), (e) P20 (OH-/Ni2+ = 20). 
 
The magnetic properties of the sample were investigated in room temperature using a vibrating sample 
magnetometer with an applied field, -10,000 Oe ~ 10,000 Oe. The hysteresis loop shown in Fig. 5 indicates the 
ferromagnetic behaviour of wool-like nano-structures particles. The result showed weak ferromagnetic behaviour. 
Coercivity, saturation magnetization and remanent magnetization of the ball wool-like structure were 124.1 Oe, 36.1 
emu/g and 5.5 emu/g respectively. Comparison between several reported values of saturation magnetization (Ms) 
and coercivity (Hc) for Ni nanoparticles and nanostructures are tabulated in Table 1. Compared to that of spherical 
Ni, the coercivity has enhanced significantly which is due to the increased of size of final structures. This ball wool-
like morphology, which is associated with formation of nanostructure, are also believed to be the reason of higher 
coervicity as compared to those of bulk [23]. 
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Fig. 5. Magnetic hysteresis loops measured at room temperature for wool-like Ni nanostructure. 
                                 Table 1. Coercivity (Hc) and saturation magnetization (Ms) of nano-structures particles. 
 Morphology Coercivity,  Hc (Oe) Saturation magnetization, Ms 
(emu/g) 
Ball wool-like 124.1 36.1 
Flower-like [24] 150.1 44.3 
Bulk Ni [25 ] 100.0 55.0 
3.8 nm nanoparticles [26] 0 Unsaturated 
 
 
3. Conclusion 
Ni nanostructures with sizes range of 20 - 800 nm have successfully been prepared through polyol method with 
N2H4 as the reducing agent, NaOH as the pH regulator at reaction temperature of 60ÛC. The synthesis was tailored 
by changing the molar ratio of N2H4/Ni2+. No reaction will take place when pH is less than 11 which identify NaOH 
were crucial to enhance the reaction rate thus forming difference nanostructures at difference pH. At Ni2+/OH-  10, 
SEM revealed formation of ball wool-like nanostructure having diameter ranging from 400 to 800 nm due to self-
assembly of many smaller primary nanoparticles of the size approximately 6.5 nm after precipitation. Meanwhile, 
XRD revealed all as-synthesized Ni nanoparticles were present as FCC structures. 
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